INTRODUCTION
============

Arteriovenous malformation is a rare condition in the spine and affects approximately 10% of the brain.[@B1] Among spinal arteriovenous malformations, spinal dural arteriovenous fistulae (SDAVF) are the most common and account for 70% of cases.[@B2] Treatment is often necessary, as abnormal communication between arteries and veins may result in ischemia or infarction in the spinal cord;[@B2] however, its rarity limits proper treatment planning and precise outcome prediction.[@B3] Although angiography is the most precise diagnostic tool for SDAVF, it may cause procedural complications, such as puncture site haematoma, intra- and extra-spinal vessel injury, and spinal cord infarction. Furthermore, angiography uses a large amount of radiation and usually requires a short hospital admission. Therefore, magnetic resonance imaging (MRI) has been used to screen and follow up SDAVF. Its advantages include good visualization of the pathological anatomy, no risk of harmful radiation, and a non-invasive nature.[@B4] There are numerous studies describing the MRI findings of SDAVF, including oedema, infarction, flow voids, and perimedullary venous engorgement.[@B3],[@B4],[@B5],[@B6] To the best of our knowledge, however, there is a lack of literature regarding the correlation between MRI findings and neurologic function. The purpose of this study was to evaluate the association between MRI findings and the functional status of SDAVF. This study also investigated the clinical features and surgical results of SDAVF.

MATERIALS AND METHODS
=====================

Subjects
--------

A total of 15 consecutive patients underwent embolization or surgery for SDAVF in our institution from 2002 to 2007. Institutional Review Board approval for the study was obtained. All medical records and imaging studies were reviewed and analysed. Two independent physicians reviewed MRI and angiography findings. The last follow-up was completed via a telephone encounter. The mean age was 48 years, ranging 19 to 66 years. There were 13 men and 2 women. The mean follow-up period was 27 months, ranging from 18 to 36 months.

Imaging study
-------------

MRI (Signa HD 1.5T, GE, Waukesha, WI, USA) was taken preoperatively and one year after treatment in all patients with the following parameters: TR/TE=400-600/10-20 for T1-weighted images, with or without gadolinium (Gd) enhancement, and TR/TE=3000-3400/100-120 for T2-weighted images (T2WI). Two independent radiologists reviewed the MRI findings. If a value was different between the two observers, the more severe one was selected. The extent of high T2WI was calculated as the involved vertebral levels on sagittal images. We graded the severity of flow voids of the perimedullary vessels on sagittal images as Grade 0, none; Grade 1, indefinite; Grade 2, definite; and Grade 3, severe.

Treatment
---------

We treated seven (60%) patients with embolization only and six (40%) patients with surgery. We attempted embolization first in all subjects because of its non-invasiveness, the opportunity for instant treatment following diagnostic angiography, and the shorter hospitalization time.7 Angiography was performed under local anaesthesia. A mixture of N-butyl 2-cyanoacrylate and lipiodol was injected to the point of the fistula in cases where an arterialized feeder was confirmed. In one case, coil embolization was added ([Fig. 1](#F1){ref-type="fig"}). When the endovascular approach to the fistula point was not possible or the radicular artery was directly supplying the anterior spinal artery, open surgery was performed under general anaesthesia. Following laminotomy, the dura was opened and the fistula was identified by tracing a dorsal engorged vein into a nerve root sleeve. Next, we cauterized the fistula point with a bipolar coagulator. The treatment result was determined as complete or partial obliteration by postoperative angiography. The surgical outcome was classified by the Odom criteria as follows: excellent=complete resolution; good=partial improvement; fair=no change; poor=progression.

Functional assessment
---------------------

Functional status was measured by the Aminoff-Logue disability scale (ALS). The ALS consists of three categories: gait, bladder, and bowel function. Gait was graded as follows: G0=normal; G1=leg weakness, abnormal gait or stan-ce, or no restricted activity; G2=restricted activity but no support required; G3=one stick required for walking; G4=two sticks or crutches, or frame required for walking; G5=con-fined to wheelchair. Bladder function was graded as follows: M0=normal; M1=infrequent hesitancy or urgency, altered sensation, but continent; M2=occasional urinary incontinence or retention; M3=total incontinence or persistent retention. Bowel function was graded as follows: B0=normal; B1=moderate constipation; B2=severe constipation or occasional incontinence; B3=total incontinence.

Statistical analysis
--------------------

Each statistical method was described for each result. We used SPSS 13.0 (SPSS Inc., Chicago, IL, USA). All *p*-values \<0.05 were considered as statistically significant.

RESULTS
=======

Clinical findings
-----------------

Clinical findings are summarized in [Table 1](#T1){ref-type="table"}. Motor weakness was the most common presenting symptom (n=12, 80%), followed by neurogenic bladder (n=1, 7%) and sensory hypaesthesia (n=1, 7%). One case (7%) was incidentally diagnosed without any symptoms during a routine health examination. The mean symptom duration was 15 months, ranging from 0 to 96 months. There was no statistically significant difference between the symptom duration and the pre- and postoperative ALS scores (*p*=0.108, *p*=0.226, Pearson correlation). All except three cases showed a slowly progressive course. Three cases showed rapid progression with a symptom duration less than 1 month. Among them, two cases showed spinal haemorrhage (Case 9 and Case 12), while the other presented as spinal ischemia (Case 1).

Preoperative MRI findings vs. ALS scores
----------------------------------------

SDAVFs occurred most commonly at the thoracic spine (n=10), followed by the lumbosacral (n=3), and thoracolumbar spine (n=2). The T2-weighted MRI revealed high signal intensity in the spinal cord in 14 of 15 cases. Flow void was observed in 14 of 15 cases in the dorsal surface of the spinal cord. When flow void was indefinite in the T2-weighted MRI, enhanced T1-weighted MRI with Gd was a good alternative to reveal arterialized perimedullary veins. Patients with longer levels of intramedullary high signal intensity in preoperative T2WI had worse preoperative and postoperative ALS scores (r=0.557, *p*=0.031; r=0.530, *p*=0.042, Pearson correlation) ([Fig. 2](#F2){ref-type="fig"}).

Treatment results
-----------------

Complete obliteration was achieved in 13 cases (87%). The average ALS score improved significantly following treatments (7.0±3.3 vs. 5.7±3.4, *p*=0.007, Wilcoxon ranked test) ([Fig. 3](#F3){ref-type="fig"}, [Table 2](#T2){ref-type="table"}). By the Odom scale, nine patients (60%) showed a good result. There were five cases (33%) of a fair result and one case (7%) of a poor result. Among the five cases of a fair result, four cases had poor ALS scores preoperatively and one case had a long symptom duration (96 months). The preoperative ALS score was significantly correlated with the postoperative ALS score (r=0.908, *p*=0.000, Pearson correlation). There was one case of temporary cord ischemia in which spinal cord infarction developed due to glue migration. We heparinised the patient for 2 days. The patient eventually recovered to the preoperative state.

Postoperative MRI findings vs. functional status
------------------------------------------------

The number of levels showing intramedullary high signal intensity in T2WI decreased significantly postoperatively (5.2±3.1 vs. 1.0±1.4, *p*=0.001, Wilcoxon ranked test); however, the level of intramedullary high signal intensity in postoperative T2WI had no correlation with postoperative ALS score (r=0.220, *p*=0.431, Pearson correlation). Even though SDAVF was completely obliterated, the perimedullary veins were still engorged in postoperative MRI (n=6, 40%). This may have stemmed from the irreversible structural change of the perimedullary vein.

DISCUSSION
==========

This study aimed to elucidate the association between the MRI findings and functional status of SDAVF. The clinical features and surgical outcomes were also reviewed. All of our patients underwent pre- and post-operative angiography and MRI. All SDAVF were initially screened by MRI as in a previous study.[@B5] Complete obliteration was achieved in 87% of cases, including embolization and surgery. The series had favourable results, with 60% of cases showing symptom relief and a 6.7% rate of temporary complications. This result was similar to the meta-analysis by Steinmetz, et al.[@B8]

This study confirmed that longer levels of intramedullary high signal intensity in preoperative T2WI are associated with worse pre- and postoperative functional status. The high signal intensity significantly decreased the following treatment. This result is consistent with the previous study of Horikoshi, et al.[@B5] They reported that preoperative MRI may predict treatment outcome, despite the fact that MRI may not visualize shunts or flow voids in SDAVF. High signal intensity in T2WI is thought to be indicative of spinal cord oedema.[@B2],[@B5],[@B9],[@B10],[@B11] It rarely presents hemorrhage, but is more commonly identified with myelopathy. SDAVF can cause venous congestion by direct drainage from the radiculomeningeal artery to the perimedullary venous plexus.[@B12],[@B13],[@B14] Consequently, ischemia or infarction can occur, resulting in spinal cord oedema.[@B12],[@B13] If the high signal intensity involves more levels, more serious spinal cord oedema may exist. Consistent with this idea, we can expect a worse functional outcome if the high signal intensity remains; however, we could not find an association between high signal intensity in postoperative T2WI and functional outcome. Similar to our results, Horikoshi, et al.[@B5] also reported that the extent of the high-intensity area did not correlate with postoperative neurological deficits; however, this may have resulted from their small sample size. It has been reported that postoperative MRI may represent functional status and give evidence of recurrence.[@B9],[@B15],[@B16] Further study is essential to elucidate this hypothesis.

This study showed that poor functional outcomes are associated with longer symptom duration. This is consistent with previous studies. Kohno, et al.[@B9] revealed that the functional outcome was better in shorter symptom duration groups. Additionally, postoperative functional status was closely associated with preoperative functional status. This has been uniformly observed in various spinal cord lesions.[@B3],[@B5],[@B17],[@B18],[@B19],[@B20] Among preoperative function measures, Wakao, et al.[@B3] reported that only gait was correlated with postoperative functional status; however, our study showed that all functions, including gait, bladder, and bowel, are correlated with postoperative functional status.

This study has limitations mainly stemming from its small sample size. Life quality assessment such as SF-36 was not included. Treatments were heterogeneous, including three types of treatment. Nevertheless, this study is valuable in terms of elucidating the association between intramedullary high T2WI and functional outcome.

The number of involved levels of high signal intensity in preoperative T2WI is useful for predicting the pre- and postoperative functional status of SDAVF.
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![Illustrative case (Case 5). A 49-year-old male presented with progressive motor weakness for 18 months. (A) Preoperative T2-weighted MRI showed spinal cord oedema and venous engorgement. (B) Preoperative angiography. The fistula is located on the dorsal surface of the spinal cord, with a large arterialized vein emanating from the nerve root sleeve. (C) Postoperative MRI shows complete resolution of spinal cord oedema and venous engorgement. (D) Postoperative angiography. The proximal draining vein and fistula are embolized. Postoperative DSA image (anteroposterior view) demonstrating obliteration of the fistula.](ymj-56-397-g001){#F1}

![The number of involved levels showing high signal intensity in T2WI vs. pre- and postoperative Aminoff-Logue disability scale (ALS) scores. T2WI, T2-weighted images.](ymj-56-397-g002){#F2}

![Pre- and postoperative Aminoff-Logue disability scale (ALS) scores.](ymj-56-397-g003){#F3}
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T2WI, T2-weighted images.

Levels: the number of involved levels showing high signal intensity in T2WI. Flow void: 3, severe; 2, definite; 1, indefinite; 0, absent.
